INTRODUCTION
Soil taxonomy systems (FAO, 1998; Embrapa, 1999; USDA, 1999) differentiate mineral and organic soils. To do so, it is necessary distinguishing mineral soil material from organic soil material, the main criterion being the amount of soil organic carbon. Also, the central concept of Histosols is that of soils forming in organic soil materials. Values of organic carbon in the National Soil Survey Laboratory (NSSL) data-base (USDA, 1996) have been determined mostly by wet digestion (Walkley & Black, 1934; Walkley, 1935) . Because of environmental concerns, that procedure is no longer in use. The method currently recommended by USDA (Soil Taxonomy, USDA, 1999; USDA, 1996) is based upon dry combustion (muffle furnace), and measures the percent of total carbon. The content of organic carbon is determined by subtracting the amount of carbon contributed by carbonates from total carbon data.
Brazilian soil surveys regularly adopt the wet digestion to measure soil organic carbon as a reference method for all soil classes (EMBRAPA, 1997) . The recently published Brazilian Soil System of Classification -SiBCS (EMBRAPA, 1999) recommends the dry combustion procedure to measure soil organic matter in Histosols. To be able to recover data from previous soil surveys, a comparison between procedures to measure organic carbon and organic matter in Histosols (Organossolos) and soils with histic horizons is needed. Principles involved in these methods may be summarized as follows: a) wet digestion through oxidizing agents, such as the dichromate solution; and b) dry combustion in a muffle furnace or automatic equipment, such as the CHN elements analyzer, both measuring total carbon content.
The aim of this study was to evaluate different methods of organic carbon and organic matter determination in Histosols and soils with histic horizons, in the aim to contribute to an adequate characterization of these soils in the Brazilian Soil Classification System, additionally allowing the conversion of data obtained though one method to another. The comparison was made between the methods Walkley & Black modified, Embrapa, Yeomans & Bremner, modified Yeomans & Bremner, muffle furnace, and CHN.
MATERIAL AND METHODS
For comparison of methods, 53 samples of O or H horizons were taken from soil profiles from different Brazilian states (Table 1) . The soils were characterized through routine chemical and physical analysis (EMBRAPA, 1997; EMBRAPA, 1999) and analyzed for organic carbon and organic matter contents by the following methods:
Modified Walkley & Black (C-W & B md) -the procedure is a modification of the Walkley & Black (1934) and Walkley (1935; 1946) methods, according to Tedesco et al. (1995) , described ahead. After weighing a soil sample containing an estimated amount from 10 to 25 mg of C (corresponding to 0.1 to 0.3 g of soil), 10 mL of K 2 Cr 2 O 7 0.2 mol L -1 and 20 mL of concentrated H 2 SO 4 were added. The material was heated in a plate and homogenized carefully until reaching the temperature of 150ºC. After that, the material was removed from the plate, cooled to room temperature, and left to rest for 40 minutes. Later, 50 mL of distilled water was added and the sample shaken, then transferred the content into a 100 mL graduated flask and adjusted the volume, left to rest for 10-15 minutes, and then filtrated. The amount of 1 mL of concentrated phosphoric acid was added to the filtrate, and the extract was titrated with 0.25 mol L -1 of ammoniac ferrous sulfate solution, using diphenylamine 0.5% as indicator. The carbon content was calculated using the formula: %C = [(mmol c L -1 Cr 2 O 7 2--mmol c Fe 2+ ) x 0.3] / mass of sample (g). A previous modification of the procedure (Allison, 1965) uses the factor 1.12 in the formula, which presumes the organic carbon partial oxidation, when an external heat source is not used. In this study, this factor was not considered.
Embrapa (C-Embrapa) -The procedure consisted of weighing 0.5 g of triturated soil (due to high organic matter contents, between 0.05 and 0.1 g of soil were weighted), placing the sample into a 250 mL Erlenmeyer flask, and adding 10 mL of potassium dichromate solution at 0.067 mol L -1 . Also, a blank test with 10 mL of potassium dichromate solution was included, and the volume consumed recorded. A tube with distilled water was used as a condenser. The material was heated in an electric plate up to slight boiling point and kept for 5 minutes. After cooling, 80 mL of distilled water, plus 2 mL of orthophosphoric acid and 3 drops of diphenylamine were added. The sample was titrated with ammoniac ferrous sulfate 0.05 mol L -1 , turning color from blue to green (EMBRAPA, 1997). The organic carbon content was then calculated by the formula:
C (g kg -1 ) = [40 -(titrating volume x f)] x 0.6; f is a factor for the blank test.
Yeomans & Bremner (C-Y & B)
-The soil was previously sieved, mesh lower than 100, and the weighed sample, estimated to contain no more than 8 mg of organic carbon (usually between 100 and 500 mg of soil), was placed into a digestion tube (100 mL), and added of 5 mL of K 2 Cr 2 O 7 0.1667 mol L -1 and 7.5 mL of concentrated sulfuric acid. The tube was placed into a preheated digestion block at 170ºC for 30 minutes. The tube was removed from the block and cooled for 15 minutes. The content was transferred into a Becker flask and the volume equaled to 50 mL. The sample was cooled to room temperature, and 0.3 mL of the Nphenylanthranilic acid-based indicator and sodium car-bonate were added. The titration was performed with ammoniac ferrous sulfate solution at 0.05 mol L -1 . At the turning point, the color quickly turns from violet to green. For each series of samples, at least two blank proofs, with 5 mL of K 2 Cr 2 O 7 0.1667 mol L -1 and 7.5 mL of concentrated sulfuric acid, were placed in the series, one tube was heated and the other not (Yeomans & Bremner, 1988 Muffle furnace (OM-Muffle) -A weighed amount of oven-dried soil sample (105ºC; 24 h) was placed in a high-form porcelain crucible and set in a muffle furnace (± 5ºC precision) for combustion at 600ºC for 6 hours (Goldin, 1987) . The organic matter content was determined through the mass difference in relation to the original soil sample.
C-CHN -carbon content was determined by dry combustion in an elementary Perkin Elmer 2400 CHNS analyzer, from 5.0 ± 0.1 mg soil samples.
All the analyses were performed in duplicate. The statistical method to compare the organic carbon contents obtained through different methods was the linear regression (Y= b 0 + b 1 X), as suggested by Miller & Miller (1993) . The null hypotheses were that the declivity (b 1 ) would not be different from one (1), and that the intercept (b 0 ) would not be different from zero (0). Such hypotheses were tested by means of the confidence limits calculation at 95% for both coefficients. The results were also submitted to analysis of variance (F test), and correlation using the statistical analysis tools in Microsoft Excel 97 software.
RESULTS AND DISCUSSION
Results (Tables 2 and 3 , and Figure 1) show that soil organic carbon and soil organic matter data obtained from different methods are comparable. Reference materials were not used to test accuracy of the methods. The normal range of values of organic carbon or organic matter in Histosols is per se an unknown subject, since informations in Brazil regarding these soils are scarce.
The organic carbon and organic matter contents, and the factor that expresses the ratio between C content obtained in a given method and total carbon content (measured by the C-CHN method) are pre- Table 2 . Results show higher variability of factors in samples with lower carbon content. The comparison between data from different methods is presented in Figure 1 . The dispersion diagrams indicate varying degree of correlation between the procedures.
The muffle furnace (OM-Muffle) method, which measures total organic matter, presented angular coefficient of the linear equation greater than one. The carbon correction factor (f-) for organic matter varied from 1.79 to 1.93, with an average 1.86. This value was estimated by regression for the intercept equal to zero (Table 3) . When the intercept was different from zero, the angular coefficient ranged from 1.56 to 1.80, within the confidence interval.
The values for the correction factor C-OM through muffle furnace (600ºC) are close to the value of 1.724 adopted by EMBRAPA (1999), and these values are also in agreement with others from literature. An error of the muffle furnace method comes from the presence of calcium or magnesium carbonates or charcoal in the soil sample, although, according to Kerven et al. (2000) , the error caused by carbonates may be eliminated by previous treatment with acid. However, an important advantage of the muffle furnace method in relation to others is the operation easiness, what is relevant in routine analyses for soil surveys and other applications.
The Embrapa method (C-Embrapa) is very effective for soil samples up to 20 g kg -1 of organic carbon (EMBRAPA, 1997). However, for histic horizons, a smaller amount of sample must be taken and several additions of dichromate are required, what makes operation difficult, also increasing the analysis error. For obtaining satisfactory results, the experience of the analyst is relevant in the performance of the method, to avoid underestimating the organic carbon content. Higher data dispersion was observed in the CEmbrapa method (Figure 1 ) for C-CHN above 400 g kg -1 , showing a lower efficiency of this analysis within this range. The determination coefficient (Table 3) was not high for this method, especially through the deviations in the range above 400 g of C-CHN. An intercept above zero and angular coefficient of the linear equation coefficient ranging from 0.41 to 0.55 was observed. These results demonstrate that the C-Embrapa method had a low oxidation capacity, especially for the high soil organic matter samples. Therefore, soil materials that could be defined as organic for soil taxonomy purposes (FAO, 1998; USDA, 1999) if quantified the organic carbon by other method, would be classified as mineral soil materials when measured by the Embrapa method.
A comparison between organic carbon content, measured through C-Embrapa and C-CHN methods, from 19 highly weathered Brazilian soils, resulted in a linear regression (Pérez et al., 2001) Table 3 Figure 1) ; regression coefficients were 0.489 and 0.499, respectively. The discrepancy of results according to methods emphasizes the need for distinguishing mineral soil materials from soils with high organic matter content, such as the Histosols, when analyzing organic carbon.
The carbon content determined through modified Walkley-Black (C-W & B md) (Tedesco et al., 1995) , and Yeomans & Bremner (1988) (C-Y & B) methods showed similarities, when compared to each other and to the C-Embrapa method, but with linear coefficients higher and closer to one (Table 3 ). The principle involved in all three methods is the oxidation of organic matter by dichromate in acid medium. Therefore, although there was a good correlation with the C-CHN, the organic carbon oxidation efficiency is low for most soil samples, requiring the use of adjustment factors. The C-CHN method oxidizes and quantifies total carbon, including carbon in charcoal and carbonates, which are common in many of the Histosols and soils with histic horizons, and the dichromate-combustion method, only oxidizes part of the soil carbon. As a result, the methods may over or underestimate the amount of soil organic carbon (Kerven et al., 2000) . Correction factors may be needed when these methods are used for soils with high organic carbon, mainly in coastal areas, where the levels of carbonates are high.
The C-Y & B method was modified in the titration process, exchanging N-phenylanthranilic acid by the indicator diphenylamine (C-Y & B md). The regression analysis showed that the modification did not affect the organic carbon determination; therefore, the methods are correspondent. The advantage of the C-Y & B md method is that, in the absence of Nphenylanthranilic, the indicator diphenylamine may be used as well. Table 3 also presents the result of regression analysis. The dependent variable is OM-muffle furnace and the independent variable is C-W & B md. Based on results of C-W & B md, the OM-muffle may be estimated from C-W & B md, by applying a factor that ranges from 2.00 to 2.19 with 95% of probability. The factor 2.10, the average value, is suggested to convert results obtained by these methods.
The C-W & B md method for organic carbon and the OM-muffle for organic matter determination seem to be the most suitable methods, for soil samples with high organic matter content. They have as main advantage operational easiness and they showed high determination coefficient values, when compared with the C-CHN method, used in this study to quantify total carbon in the soil.
